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SPECIFICATION 

METHOD AND APPARATUS FOR EXAMINING THROUGH HOLES 

TECHNICAL FIELD 

[0001] The present invention relates to a method and an apparatus for 
examining through holes, and more particularly to a method and an apparatus that 
are suitable for examining differences or uniformity of minute through holes each 
having a diameter of several ten micron millimeters that are arranged in a work piece 
or for examining the presence or absence of foreign matters in the through holes. 

BACKGROUND TECHNOLOGY 

[0002] Conventionally, examinations on through holes each having a 

diameter of several ten ~ several hundred micron millimeters are generally conducted 
to check if a correct number of the through holes are opened, if the sizes of the through 
holes are uniform, if any foreign matters are present in the through holes, and the like. 
Optical methods are generally conducted for such examinations. For example, an area 
sensor camera is used to photograph an examining surface of a work piece where 
through holes are formed, and an image processing apparatus is used to compare the 
result with a reference value to make a determination as to whether or not the result is 
good. However, in the conventional example described above, beside the image 
processing apparatus, an auto-focusing unit, a microscope, and electron beams are 
required, whereby the examination is conducted for each one of the through holes, or 
with an expanded image that is expanded at a high level of magnification. 

[0003] However, the conventional method described above has the 

following problems. When the number of through holes increases, it takes too long to 
conduct the examination. When a highly magnified image is to be taken, demands for 
mechanical precision of the apparatus become stricter, and therefore its manufacturing 
cost becomes higher. In other words, because the depth of focus becomes narrower, an 
automatic focusing system, an automatic-control system for the camera's z-axis, and 
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the like are required. Also, because the range of field of view becomes narrower, the 
table requires a high positioning accuracy. 

[0004] Also, when foreign matters in through holes are examined by the 

photographing method using the conventional area sensor camera, the number of 
pixels is limited and therefore its resolving power is limited. In particular, when 
foreign matters are light-transmissive, their recognition is extremely difficult, and 
therefore there are possibilities to erroneously detect good products as bad products. 

[0005] The present invention focuses on the problems of the conventional 
art described above, and it is an object of the present invention to provide a method 
and an apparatus for examining through holes, which can make determinations with 
low costs and high accuracy as to whether results of through-hole examinations are 
good or bad. 

DESCRIPTION OF THE INVENTION 

[0006] To achieve the object described above, a through hole examination 

method in accordance with the present invention is characterized in that light is 
irradiated from one side of a work piece having a through hole, and passing light is 
detected by imaging the passing light from the other side of the work piece by a sensor 
camera having a plurality of imaging elements, wherein the examination is conducted 
by imaging with an imaging focal point of the sensor camera being shifted with respect 
to the surface of the work piece. 

[0007] In accordance with the present invention, light passing through a 

through hole is imaged by the sensor camera, and the imaging is conducted with the 
imaging focal point of the sensor camera being shifted with respect to the detected 
through hole, to thereby conduct the examination with an area of the imaged passing 
light being expanded. As a result, the examination can be effectively and stably 
conducted with high accuracy to determine the uniformity of formed through holes and 
to detect presence of foreign matters in through holes. 

[0008] Also, when an examination is conducted by irradiating light from 

one side of a work piece having a plurality of through holes, and imaging passing light 



F005899US 



from the other side of the work piece by a sensor camera having a plurality of imaging 
elements, the imaging may be conducted with the focal point of the sensor camera 
being shifted from the surface of the work piece, and areas of obtained images of the 
through holes may be compared with one another to examine differences or uniformity 
of the through holes or examine foreign matters in the through holes. 

[0009] In the embodiments described above, a line sensor camera may 
preferably be used as the sensor camera, and the imaging may preferably be conducted 
by shifting the camera relative to and in parallel with the work piece. 

[0010] Also, in the embodiments described above, the imaging focal point 

of the sensor camera may preferably be shifted from the surface of the work piece to 
conduct imaging so that an area of an image of the passing light is expanded. 

[0011] Furthermore, a through hole examination apparatus in accordance 
with the present invention is characterized in comprising a light source, a sensor 
camera having a plurality of imaging elements, a table on which a work piece having 
through holes is mounted being interposed between the light source and the sensor 
camera, wherein the sensor camera can image light passing through the through holes, 
and a relative position between the sensor camera and the surface of the work piece is 
set such that the imaging focal point of the sensor camera is shifted from the surface of 
the work piece, and an image processing device that receives imaging signals provided 
by the sensor camera and performs a process for comparing imaged areas. 

[0012] Also, the table may be formed with a parallel displacement table, 

and the sensor camera may be formed with a line sensor camera. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] Fig. 1 (1) shows a structure of an examination principle using a 
sensor camera disposed in a through hole examination apparatus in accordance with 
one embodiment of the present invention; and Fig. 1 (2) shows an example of image 
data taken. Fig. 2 (1) shows a structure in which a sensor camera is disposed in a 
comparison example; and Fig. 2 (2) shows an example of image data taken. Fig. 3 
shows a block diagram of components of a through hole examination apparatus in 
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accordance with one embodiment of the present invention. Fig. 4 shows a perspective 
view of Fig. 3. 

BEST MODE EMBODIMENTS OF THE PRESENT INVENTION 
[0014] A method and an apparatus for examining through holes in 
accordance with an embodiment of the present invention are described in detail with 
reference to the accompanying drawings. In the embodiment, the present invention is 
applied to an example in which a work piece having a plurality of through holes formed 
therein is subject to examination, and foreign matters in the through holes are 
examined. 

[0015] Fig. 3 shows a block diagram of a structure of a through hole 

examination apparatus in accordance with one embodiment of the present invention. 
Fig. 4 shows a perspective view of components of a main part of the apparatus. As 
shown in these figures, in principle, a light source 12 is disposed below a work piece 10 
in a plate shape having a plurality of through holes arranged in rows, and light is 
irradiated toward the through holes from the rear side of the work piece 10. On the 
other hand, a sensor camera having a plurality of imaging elements is disposed above 
the work piece 10, and the through holes are placed in the field of view of the sensor 
camera. Light passing through the through holes is received by the imaging elements, 
such that an image corresponding to the passing light is obtained. Therefore, the work 
piece 10 is irradiated with light by the light source 12 from one plane side, and a plane 
image of the passing light is taken by the sensor camera that is disposed on the 
opposite side of the light source 12, such that images are taken. In other words, 
detection of foreign matters is conducted using the following characteristic. If there is 
a foreign matter in a through hole, light is blocked by the foreign matter, and an area 
value representative of the received light becomes smaller. It is noted that the 
example shown in the figure uses three work pieces 10 that are examined at the same 
time. Accordingly, three pairs of light sources 12 and sensor cameras are provided. 

[0016] In one embodiment, a line sensor camera is used as the sensor 
camera to take images. The line sensor camera includes a plurality of CCD elements 
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arranged in a line that provides about 5000 pixels for the width of the field of view. By 
the use of the line sensor camera 14, a higher resolving power is obtained to the extent 
that the resolving power per one pixel can be improved up to about 3nm. The line 
sensor camera 14 is shifted relative to and parallel with the work piece 10 to take 
plane images. The work piece 10 is mounted on an XY table 16, and moved for 
scanning in a direction perpendicular to the column of the imaging elements. 

[0017] A fixing jig 18 is used to clamp the work piece 10 to place the work 
piece 10 at a predetermined fixed position on the XY table 16. The fixing jig 18 is 
formed from a lower jig 18D and an upper jig 18U, and is positioned and affixed at a 
specified location on the table by an appropriate fixing device. Slits 20 corresponding 
to the columns of the through holes in the work piece 10 are formed in the fixing jig 18, 
such that light passes through the slits 20 and is taken by the line sensor camera 14. 
Also, the light source 12 disposed below the XY table 16 is formed from a line-like 
lighting. Further, a diffuser plate 22 is mounted on a lower surface of the table to 
mitigate irregularities in the light intensity of light emitted from the light source 12 so 
that the light is uniformly irradiated on the column of the through holes. 

[001 8] By the structure described above, the work piece 10 is moved by the 
XY table 16, and light passing through the column of the through holes is received by 
the CCD elements of the line sensor camera 14 to photograph an image. Data 
representative of the image is inputted in an image processing device 24 to determine 
the presence or the absence of foreign matters in the through hole. When an image is 
photographed, in accordance with the present embodiment, the position of the focal 
point of the line sensor camera 14 is not concurred on the surface of the work piece 10, 
but is set at a position shifted from the surface of the work piece. In other words, the 
line sensor camera 14 is positioned at a distance (L+oc) from the through hole of the 
work piece 10, which is longer than a focal length L, in order to apparently expand the 
area of the photographed image of the passing light. An illustration of the principle is 
shown in Fig. 1, and a comparison example is show in Fig. 2. The line sensor camera 
14 is equipped with a sensor main body 26 in which a plurality of CCD elements are 
linearly arranged, a close-up photographing ring section 28 and an optical lens 30. In 



F005899US 



general, as shown in Fig. 2 (1), the close-up photographing ring 28 is adjusted such 
that the sensor camera is set at a position (at a focal distance L) with its focal point 
being concurred with a plane of an opening of the through hole 32 formed in the work 
piece 10, to photograph an image corresponding to the size of the opening of the 
through hole 32. However, in accordance with the embodiment of the present 
invention, as shown in Fig. 1 (1), a Z-axis adjusting device of the camera, such as a 
close-up photographing ring is adjusted, such that the focal point is located at a 
position above the surface of the work piece 10 (toward the sensor side). In the 
photographed image under a focused condition, a region in which the passing light is 
blocked by a foreign matter in the through hole is detected as an area of, for example, 
two pixels as shown in Fig. 2 (2). In contrast, in accordance with the embodiment of 
the present invention, as shown in Fig. 1 (2), the region can be detected as an area of 8 
pixels. In other words, under the focused condition, only the light passing through the 
opening section of the through hole 32 is detected. However, under an out-of-focus 
condition in accordance with the embodiment of the present invention, although the 
light intensity per unit area reduces, an area of a photographed image of the light 
passed through the through hole 32 is enlarged and, in a similar manner, an area 
corresponding to the foreign matter is apparently enlarged. By the structure described 
above, a measured value, in other words, an area value of passing light amount X is 
defined by the following formula: 
[0019] X = (S-a)p, 

[0020] where S is an area value of the through hole 32, a is an area value 

of a foreign matter, and p is an area expansion coefficient (p > 1) due to the out-of-focus 
effect. When p = 1, the focal point concurs with the surface of the work piece. 

[0021] In this manner, the position of the focal point of the line sensor 
camera 14 is not concurred with the through hole 32 of the work piece 10 such that it is 
shifted from the through hole 32 of the work piece 10 to positively create an out-of- 
focus condition. As a result, the photographed image is apparently expanded, whereby 
the detection power to detect foreign matters is increased. Accordingly, a work piece 
10 having a through hole 32 without any abnormality is used to photograph an image 
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under an out-of-focus condition, and area data for the photographed image is stored as 
a reference value. The stored area data is compared with area data for a measuring 
image photographed under the same out-of-focus condition. Due to the presence and 
the absence of foreign matters, a characteristic difference between the through holes 
32 becomes large. In this manner, the detection power for detecting foreign matters is 
substantially improved. 

[0022] Alternatively, the comparison with the data obtained by the 
reference work piece may not be performed. Instead, an area difference among data 
for apparently expanded images of the plural through holes 32 arranged in columns is 
obtained, and the presence or the absence of a foreign matter may be determined based 
on their large-small relation. By doing so, error detection caused by individual 
differences among the individual work pieces 10 can be prevented. Furthermore, in 
addition to examining foreign matters in the through holes, uniformity of the plural 
through holes 32 can also be determined. 

[0023] The embodiment described above shows an example in which a Une 

sensor camera is used as the sensor camera. However, in the present examination 
method, an area sensor, in other words, an ordinary CCD camera can also be used to 
make determinations for the following reasons. In the present process, an image is 
photographed under an out-of-focus condition to apparently expand the image. 
Accordingly, even when a sensor having a relatively low resolving power is used, good 
determinations can be made. It goes without saying that the present invention is 
applicable to imaging that is conducted by a sensor using imaging elements other than 
CCD elements, such as CMOS semiconductor devices. 

[0024] As described above, by a method and an apparatus for examining 
through holes in accordance with the embodiment of the present invention, an object is 
detected with the focal point being shifted to place it under an out-of-focus condition. 
As a result, the number of pixels that represent an area of light passing through a 
through hole and received can be substantially increased, and a determination 
between a good through hole and a bad through hole can be more reliably made based 
on an area difference that is greater than the actual area difference. Accordingly, not 
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only colored objects but also transparent objects can be detected. Even when a 
transparent foreign matter, which used to be difficult to detect, is present in a through 
hole, a difference between area values, which is created by a reduced light amount due 
to the transparent foreign matter, can be enlarged and displayed to make a 
determination. As a result, a determination that the presence of the foreign matter is 
bad can be reliably made. The size (area) of a detectable transparent foreign matter is 
15% or greater than an area of a through hole. It is noted that, if foreign matters are 
colored, much smaller sized foreign matters can be detected. 

[0025] It is noted that, by examining under an out-of-focus condition, the 

conditions for examining foreign matters may become strict, and deviations may occur 
in area values of through holes among different work pieces or at each time an image is 
photographed. Therefore, if threshold values are set to make determinations simply 
based on through hole area values, there may be possibilities of detection errors and 
detection failures. However, by conducting the process in which area values of 
adjacent through holes are compared, stable examinations can be conducted. 
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